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Recently, Padmanabhan has discussed that the expansion of the cosmic space is due to the
difference between the number of degrees of freedom on the boundary surface and the number
of degrees of freedom in a bulk region. Now, a natural question arises that how these degrees of
freedom are emerged from nothing? We try to address this issue in a new theory which is more
complete than M-theory and reduces to it with some limitations. In M-theory, there isn’t any
stable object like stable M3-branes that our universe is formed on it and for this reason can’t help
us to explain cosmological events. In this research, we propose a new theory, named G -theory
which could be the mother of M-theory and superstring theory. In G-theory, at the beginning,
two types of G0-branes, one with positive energy and one with negative energy are produced from
nothing in fourteen dimensions. Then, these branes are compactified on three circles via two
different ways (symmetrically and anti-symmetrically), and two bosonic and fermionic parts of
action for M0-branes are produced. By joining M0-branes, supersymmetric Mp-branes are created
which contain the equal number of degrees of freedom for fermions and bosons. Our universe is
constructed on one of Mp-branes and other Mp-brane and extra energy play the role of bulk. By
dissolving extra energy which is produced by compacting actions of Gp-branes, into our universe,
the number of degrees of freedom on it and also it’s scale factor increase and universe expands.
We test G-theory with observations and find that the the magnitude of the slow-roll parameters
and the tensor-to-scalar ratio in this model are very smaller than one which are in agreement with
predictions of experimental data. Finally, we consider the origin of the extended theories of gravity
in G-theory and show that these theories could be anomaly free.
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I. INTRODUCTION
Newly, Padmanabhan has investigated the origin of the universe expansion [1]. He has argued that the expansion
of the universe happens as a result of a difference between the surface degrees of freedom on the holographic horizon
and the bulk degrees of freedom [1]. Until now, several authors studied this interesting idea and its implications
for cosmology [2–7]. For example, some authors have applied the Padmanabhan proposal to derive the Friedmann
equations of an (n + 1)-dimensional Friedmann-Robertson-Walker (FRW) universe in the framework of general
relativity, Gauss-Bonnet gravity and Lovelock gravity [2]. In another investigation, the Padmanabhan idea has been
generalized to brane cosmology, scalar-tensor cosmology and f(R) gravity [3]. In another paper, with the help of
this suggestion, authors have calculated the Friedmann equations of universe in higher dimensional space-time in
different gravities like Gauss-Bonnet and Lovelock gravity with general spacial curvature [4]. In other consideration,
the Padmanabhan proposal has been generalized to the non-flat space, relating to the spatial curvature parameter
k = ±1 [5, 6]. Besides, in [7], the Padmanabhan idea has been studied in the context of Generalized Uncertainty
Principle (GUP). Now, a natural arising question is how the Padmanabhan proposal could explain the process of
producing degrees of freedom in the universe and in the bulk. We try to answer this question in G-theory which is
more complete than M-theory and reduces to it in some limitations.
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2There are various types of string theory like type IIA, type IIB, type I, heterotic (SO(32)) and E8 × E8 that each of
them could explain some parts of phenomenological events in cosmology, particle physics and other fields of physics
[8–10]. These theories discuss about ten dimensional space-time, however the maximum dimension permitted by
supersymmetry of the elementary particles is eleven. In 1987, it has been discussed that the Type IIA string may be
the limiting case of the eleven-dimensional supermem- brane [11] and in 1994, it was argued that the spectrum of
states that are produced by compactifying the membrane theory from eleven dimensions to four are similar to those
that obtained by compactifying the Type IIA string from ten dimensions to four [12, 13]. In 1995, Edward Witten
has proposed a new theory, named M-theory whose low energy effective field theory description is 11-dimensional
supergravity [14]. This theory can be reduced to various string theories by compactification and then by various string
dualities. However, the algebra that should be applied for M2-branes was unclear. Less than ten years ago, some
authors suggested a formalism for M2-branes and showed that for defining the action with N = 8 supersymmetry
(which is an accepted supersymmetry in eleven dimensions), the Lie-3-algebra is needed [15–19]. They introduced
two form gauge fields, spinors and scalars in M-theory by using this algebra and obtained the relations between them.
Now, the question arises that how M-theory construct Padmanabhan model and explain evolution of degrees of
freedom on the surface of universe and in a bulk? To answer this question, it has been shown that before universe
birth, there exist some M0-branes which are zero dimensional objects and only scalar fields are attached to them
without presence of any gauge field and fermions [20–24]. Then, the M0-branes glue and build a system of M1 and
anti-M1-branes connected by a wormhole which named M1-BIon [20–22]. When the M0-branes link to each other
symmetrically, gauge fields are created and by joining M0-branes anti-symmetrically, such as the upper and lower
of M1-branes became different, fermions are created [21]. Finally, these M1-BIons join to each other and construct
M3-BIons, which consists of a configuration of an M3, an anti-M3-brane connected by a wormhole [20–22]. Our
universe is formed on one of these M3-branes and by growing them, expands [20–24]. In this model, the number
of degrees of freedom on the surface of universe depends on the energy of M3-brane and the number of degrees
of freedom in a bulk is related to the energy of wormhole and another M3-brane. By dissolving wormhole in our
M3-brane, the number of degrees of freedom on the universe surface increases and universe expands.
However, this model is not in good agreement with M-theory. Because, in this theory, only M2 and M5 are stable
objects and M3-brane may be produced for a short time. On the other hand, we can’t construct our four dimensional
universe on M2 and M5 branes which are three and six dimensional objects and their properties are different from
observed properties of universe. Also, some important questions remain without any response in M-theory. For
example, what is the origin of creation of different fields like bosonic and fermionic fields in eleven dimensional
space-time?
To reply to these questions, we have to assume for the existence of extra dimensions in additional to eleven. We
have examined different numbers of dimensions and find that if world has fourteen dimensions which three of them
be compactified on three circles, supersymmetry emerges without adding any thing by hand. In this theory that we
name it G-theory, at the beginning, there isn’t any fermion or gauge field and there are only scalars that construct
initial G0-branes. If G0-branes are compactified on a circle symmetrically, bosons are produced and by compactifying
non-symmetrically, fermions are created. Also, by joining G0-branes and formation of higher dimensional G-branes,
different types of gauge fields are born. Finally, by compactifying G-theory on three circles via two ways, one
symmetrically and one anti-symmetrically, M-theory and it’s related supersymmetry is created. After creation of
Mp-branes, our universe is produced on one of them and interact with extra energy and another branes. In these
conditions, the energy of this Mp-brane leads to the emergence of degrees of freedom on the universe and the energy
of other Mp-brane and extra energy produce degrees of freedom in a bulk. Extra energy dissolves into our universe
and leads to an increase in number of degrees of freedom on it and expansion. In fact, this extra energy leads to the
inequality between degrees of freedom on the surface and in a bulk and thus, the Padmanabhan mechanism is in
good agreement with G-theory.
The outline of the paper is as follows. In section II, we will construct G-theory in fourteen dimensions and produce
the fermionic fields. In section III, we will show that by compactification of G-theory on three circles, supersymmetric
M-theory is emerged. In section V, we will consider the emergence of degrees of freedom on the universe and in a
bulk in G-theory and show that the Padmanabhan idea is in good agreement with G-theory. In section V, we will
examine the model against observations. In section VII, we will show that extended theories of gravity in G-theory
could be anomaly free. The last section is devoted to a summary and conclusion. The last section is devoted to a
summary and conclusion.
The units used throughout the paper are: ~ = c = 8piG = 1.
3II. THE EMERGENCE OF FERMIONIC AND BOSONIC DEGREES OF FREEDOM AND
SUPERSYMMETRY IN G-THEORY
Before discussing Padmanabhan mechanism in G-theory, we have to consider the process of the appearance of
supersymmetry which has the main role in evolution of degrees of freedom on the universe surface and in a bulk. In
G-theory, we assume that at first, there are only G0-branes in fourteen dimensions which only scalars are attached to
them without any gauge, bosons and fermionic fields. Second, by joining G0-branes, G1-branes are emerged and one
form of gauge fields are produced. Third, by joining G1-branes, G2-branes are emerged and two form gauge fields are
created. Forth, by joining G2-branes, G3-branes are produced and three form gauge bosons are born. Fifth, by joining
G3-branes, G4-branes are born and four form gauge fields are created. Sixth, by joining G4-branes, G5-branes are
emerged and five form gauge fields are produced. Seventh, these branes join to each other and construct G6-branes
which six form gauge fields live on them. In this theory, two form gauge fields play the role of graviton and four form
fields play the role of curvature. Also, by compacting G-branes on circles via two different ways (symmetrically and
anti-symmetrically), their symmetry is broken and both groups of fermions and bosons emerge.
Previously, using Lie-three algebra, the action of M0-brane in M-theory has been given by [15–18, 20–24]:
SM0 = TM0
∫
dtTr(Σ10M,N,L=0〈[XM , XN , XL], [XM , XN , XL]〉) (1)
where XM = XMα T˜
α and
[T˜α, T˜ β , T˜ γ ] = fαβγη T˜
η
〈T˜α, T˜ β〉 = hαβ
[XM , XN , XL] = [XMα T˜
α, XNβ T˜
β , XLγ T˜
γ ]
〈XM , XM 〉 = XMα XMβ 〈T˜α, T˜ β〉 (2)
where XM (i=1,3,...10) are transverse scalars to M0-brane and T˜ γ is the generator of Lie-three algebra. By com-
pacting M-theory on eleven dimension, this action transits to the action of D0-brane [25, 26, 28–31]:
SD0 = −TD0
∫
dtTr(Σ9m=0[X
m, Xn]2) (3)
Here TD0 is the brane tension and X
m are transverse scalars.
Now, we introduce the Born-Infeld action for G0-brane by replacing three dimensional Nambu-Poisson bracket
[15–18] for Mp-branes by Six one in action and using the Li-6-algebra [19]:
SG0 = TG0
∫
dtTr(Σ13M,N,L,I,J,K=0〈[XM , XN , XL, XI , XJ , XK ], [XM , XN , XL, XI , XJ , XK ]〉) (4)
where XM = XMα T
α and
[Tα, T β , T γ , Tα
′
, T β
′
, T γ
′
] = fαβγα
′β′γ′
η T
η
〈Tα, T β〉 = hαβ
[XM , XN , XL] = [XMα T
α, XNβ T
β , XLγ T
γ , XM
′
α′ T
α′ , XN
′
β′ T
β′ , XLγ′T
γ′ ]
〈XM , XM 〉 = XMα XMβ 〈Tα, T β〉 (5)
where XM (i=0,3,...13) are transverse scalars to G0-brane and Tα is the generator of group. This action is similar to
the action of M0-branes in 11 dimensions and the action of D0-branes in 10 dimensions. By compactifying G-theory
on four circles of radius R, this action will be made a transition into two dimensional action for D0-brane. To show
this, we use of the method in [18] and define < X10 >=< X11 >=< X12 >=< X13 >= R
l
3/2
p
where lp is the Planck
length. We have:
4SG0 = −TG0
∫
dtTr(Σ13M,N,L,M ′,N ′,L′=0〈[XM , XN , XL, XM
′
, XN
′
, XL
′
], [XM , XN , XL, XM
′
, XN
′
, XL
′
]〉)) =
−TG0
∫
dtTr(Σ13M,N,L,E,F,G,M ′,N ′,L′,E′,F ′,G′=0εM,N,L,M ′,N ′,L′,Dε
D
E,F,G,E′,F ′,G′ ×
XMXNXLXM
′
XN
′
XL
′
XEXFXGXE
′
XF
′
XG
′
=
−6TG0
∫
dtTr(Σ12M,N,L,E,F,G,M ′,N ′,L′,E′,F ′,G′=0εM,N,10,11,12,13,Dε
D
E,F,10,11,12,13 ×
XMXNX10X11X12X13XEXFX10X11X12X13 −
6TG0
∫
dtΣ9M,N,L,E,F,G,M ′,N ′,L′,E′,F ′,G′=0,6=10,11,12,13εM,N,L,M ′,N ′,L′,Dε
D
E,F,G,E′,F ′,G′ ×
XMXNXLXM
′
XN
′
XL
′
XEXFXGXE
′
XF
′
XG
′
=
−6TG0(R
8
l81p
)
∫
dtTr(Σ9M,N,E,F=0εM,N,10,11,12,13Dε
D
E,F,10,11,12,13X
MXNXEXF −
6TG0
∫
dtΣ9M,N,L,E,F,G,M ′,N ′,L′,E′,F ′,G′=0,6=10,11,12,13εM,N,L,M ′,N ′,L′,Dε
D
E,F,G,E′,F ′,G′ ×
XMXNXLXM
′
XN
′
XL
′
XEXFXGXE
′
XF
′
XG
′
=
−6TG0(R
8
l81p
)
∫
dtTr(Σ9M,N=0[X
M , XN ]2)−
6TG0
∫
dtΣ9M,N,L,E,F,G,M ′,N ′,L′,E′,F ′,G′=0,6=10,11,12,13εM,N,L,M ′,N ′,L′,Dε
D
E,F,G,E′,F ′,G′ ×
XMXNXLXM
′
XN
′
XL
′
XEXFXGXE
′
XF
′
XG
′
=
SD0 − 6TG0
∫
dtΣ9M,N,L,E,F,G,M ′,N ′,L′,E′,F ′,G′=0,6=10,11,12,13εM,N,L,M ′,N ′,L′,Dε
D
E,F,G,E′,F ′,G′ ×
XMXNXLXM
′
XN
′
XL
′
XEXFXGXE
′
XF
′
XG
′
=
SD0 + VExtra,1 (6)
where TG0/D0 is tension of brane and VExtra,1 is the extra energy which becomes free during compactification. We
define TD0 = 6TG0(
R8
l81p
) = 1gsls where gs and ls are the string coupling and string length respectively. Thus, the actions
in string theory and G-theory are completely related and all results in string theory can be generalized to G-theory.
Similar to Dp-branes, different Gp-branes can be built from G0-brane by using the following rules [15–18]:
〈[Xa, Xb, Xa′ , Xb′ , Xc, Xi], [Xa, Xb, Xa′ , Xb′ , Xc, Xi]〉 =
−1
2
εabcdefεab
′c′d′e′f ′(∂b∂c∂d∂e∂fX
i
α)(∂b′∂c′∂d′∂e′∂f ′X
i
β)〈(Tα, T β〉 =
−1
2
〈∂b∂c∂d∂e∂fXi, ∂b∂c∂d∂e∂fXi〉
−〈[Xj , Xb, Xa′ , Xb′ , Xc, Xi], [Xj , Xb, Xa′ , Xb′ , Xc, Xi]〉 =
−1
2
∑
j
(Xj)2εjbcdefεjbc
′d′e′f ′(∂c∂d∂e∂f ′X
i
α)(∂c′∂d′∂e′∂f ′X
i
β)〈(Tα, T β〉 =
−1
2
∑
j
(Xj)2〈∂c∂d∂e∂fXi, ∂c∂d∂e∂fXi〉
〈[Xj , Xk, Xa′ , Xb′ , Xc, Xi], [Xj , Xk, Xa′ , Xb′ , Xc, Xi]〉 =
−1
2
∑
j
(Xj)4εjkcdefεjkcd
′e′f ′(∂d∂e∂fX
i
α)(∂d′∂e′∂f ′X
i
β)〈(Tα, T β〉 =
−1
2
∑
j
(Xj)4〈∂d∂e∂fXi, ∂d∂e∂fXi〉
〈[Xj , Xk, X l, Xb′ , Xc, Xi], [Xj , Xk, X l, Xb′ , Xc, Xi]〉 =
5−1
2
∑
j
(Xj)6εjkldefεjkld
′e′f ′(∂d∂e∂f ′X
i
α)(∂d′∂e′∂f ′X
i
β)〈(Tα, T β〉 =
−1
2
∑
j
(Xj)6〈∂e∂fXi, ∂e∂fXi〉
〈[Xj , Xk, X l, Xm, Xe, Xi], [Xj , Xk, X l, Xm, Xe, Xi]〉 =
−1
2
∑
j
(Xj)8εjklmneεjklmne
′
(∂eX
i
α)(∂e′X
i
β)〈(Tα, T β〉 =
−1
2
∑
j
(Xj)8〈∂eXi, ∂eXi〉
〈[Xa, Xb, Xc, Xa′ , Xb′ , Xc′ ], [Xa, Xb, Xc, Xa′ , Xb′ , Xc′ ]〉 =
−(F abca′b′c′αβγα′β′γ′)(F abca
′b′c′
αβηα′β′η′)〈[Tα, T β , T γ , Tα
′
, T β
′
, T γ
′
], [Tα, T β , T η, Tα
′
, T β
′
, T η
′
]〉) =
−(F abca′b′c′αβγα′β′γ′)(F abca
′b′c′
αβηα′β′η′)f
αβγα′β′γ′
σ h
σκfαβηα
′β′η′
κ 〈T γ , T η〉 =
−(F abca′b′c′αβγα′β′γ′)(F abca
′b′c′
αβηα′β′η′)δ
κσδαα
′
δββ
′
δγγ
′〈T γ , T η〉 = 〈F abca′b′c′ , F abca′b′c′〉
〈[Xi, Xb, Xc, Xa′ , Xb′ , Xc′ ], [Xi, Xb, Xc, Xa′ , Xb′ , Xc′ ]〉 =
−
∑
i
(Xi)2〈F bca′b′c′ , F bca′b′c′〉
〈[Xi, Xj , Xc, Xa′ , Xb′ , Xc′ ], [Xi, Xj , Xc, Xa′ , Xb′ , Xc′ ]〉 =
−
∑
i
(Xi)4〈F ca′b′c′ , F ca′b′c′〉
〈[Xi, Xb, Xc, Xa′ , Xb′ , Xc′ ], [Xi, Xb, Xc, Xa′ , Xb′ , Xc′ ]〉 =
−
∑
i
(Xi)2〈F bca′b′c′ , F bca′b′c′〉
〈[Xi, Xj , Xk, Xa′ , Xb′ , Xc′ ], [Xi, Xj , Xk, Xa′ , Xb′ , Xc′ ]〉 =
−
∑
i
(Xi)6〈F a′b′c′ , F a′b′c′〉
〈[Xi, Xj , Xk, X l, Xb′ , Xc′ ], [Xi, Xj , Xk, X l, Xb′ , Xc′ ]〉 =
−
∑
i
(Xi)8〈F b′c′ , F b′c′〉
i, j = p+ 1, .., 13 a, b = 0, 1, ...p M,N = 0, .., 13 (7)
where
Fabca′b′c′ = ∂[aAbca′b′c′] = ∂aAbca′b′c′ − ∂c′Aabca′b′ + ∂b′Ac′abca′ − ... (8)
Fbca′b′c′ = ∂[bAca′b′c′] = ∂bAca′b′c′ − ∂c′Abca′b′ + ∂b′Ac′bca′ − ... (9)
Fca′b′c′ = ∂[cAa′b′c′] = ∂cAa′b′c′ − ∂c′Aca′b′ + ∂b′Ac′ca′ − ... (10)
Fa′b′c′ = ∂[a′Ab′c′] = ∂a′Ab′c′ − ∂c′Aa′b′ + ∂b′Ac′a′ (11)
Fb′c′ = ∂[b′Ac′] = ∂b′Ac′ − ∂c′Ab′ (12)
6and Abca′b′c′ is 5-form guage field, Aca′b′c′ is 4-form guage field, Aa′b′c′ is 3-form guage field, Aa′b′ is 2-form guage
field and Aa is one-form guage field.
To obtain total action of a p-dimensional system, we should sum over actions of all G0-branes and use of following
action:
SGp =
∫
dp+1x
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
.
(L)anbn = δ
bn
anTr(Σ
p
a,b=0Σ
13
j=p+1
(
〈[Xa, Xb, Xc, Xa′ , Xb′ , Xc′ ], 〈[Xa, Xb, Xc, Xa′ , Xb′ , Xc′ ]〉+
〈[Xa, Xb, Xc, Xa′ , Xb′ , Xi], 〈[Xa, Xb, Xc, Xa′ , Xb′ , Xi]〉+
〈[Xj , Xb, Xc, Xa′ , Xb′ , Xi], 〈[Xj , Xb, Xc, Xa′ , Xb′ , Xi]〉+
〈[Xj , Xk, Xc, Xa′ , Xb′ , Xi], 〈[Xj , Xk, Xc, Xa′ , Xb′ , Xi]〉+
〈[Xj , Xk, X l, Xa′ , Xb′ , Xi], 〈[Xj , Xk, X l, Xa′ , Xb′ , Xi]〉+
〈[Xj , Xk, X l, Xm, Xb′ , Xi], 〈[Xj , Xk, X l, Xm, Xb′ , Xi]〉+
〈[Xi, Xb, Xc, Xa′ , Xb′ , Xc′ ], 〈[Xi, Xb, Xc, Xa′ , Xb′ , Xc′ ]〉+
〈[Xi, Xj , Xc, Xa′ , Xb′ , Xc′ ], 〈[Xi, Xj , Xc, Xa′ , Xb′ , Xc′ ]〉+
〈[Xi, Xj , Xk, Xa′ , Xb′ , Xc′ ], 〈[Xi, Xj , Xk, Xa′ , Xb′ , Xc′ ]〉+
〈[Xi, Xj , Xk, X l, Xb′ , Xc′ ], 〈[Xi, Xj , Xk, X l, Xb′ , Xc′ ]〉+
〈[Xi, Xj , Xk, X l, Xm, Xn], 〈[Xj , Xk, X l, Xm, Xn, Xi]〉
)
) (13)
Replacing commutation relations by derivatives and fields of equations (7) in action (43), we can obtain the relevant
action for Gp-brane
SGp =
∫
dp+1x
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
.
(L)anbn = δ
bn
anTr(Σ
p
a,b=0Σ
13
j=p+1
(
{1
2
〈∂b∂c∂d∂e∂fXi, ∂b∂c∂d∂e∂fXi〉+ 1
2
∑
j
(Xj)2〈∂c∂d∂e∂fXi, ∂c∂d∂e∂fXi〉+
1
2
∑
j
(Xj)4〈∂d∂e∂fXi, ∂d∂e∂fXi〉+ 1
2
∑
j
(Xj)6〈∂e∂fXi, ∂e∂fXi〉+ 1
2
∑
j
(Xj)8〈∂fXi, ∂fXi〉+
1
720
〈F abca′b′c′ , F abca′b′c′〉+ 1
120
∑
j
(Xj)2〈F abca′b′ , F abca′b′〉+ 1
24
∑
j
(Xj)4〈F abca′ , F abca′〉+
1
6
∑
j
(Xj)6〈F abc, F abc〉+ 1
2
∑
j
(Xj)8〈F ab, F ab〉 − 1
720
〈[Xi, Xj , Xk, Xi′ , Xj′ , Xk′ ], [Xi, Xj , Xk, Xi′ , Xj′ , Xk′ ]〉})(14)
Until now, we have obtained the general action of Gp-branes from G0-branes. This action is not complete, because
we have ignored the role of fermionic fields in it. In fact, according to supersymmetric law, we should have the same
number of degrees of freedom for bosons and gauge fields. To produce suppersymmetry, G0-branes is compactified
on a circle with two different ways, in one way, strings are compactified completely and bosons are created again
and in another manner, strings are compactified non-completely and fermions are emerged. In fact, by breaking the
symmetry, scalar strings decay to fermionic strings. To show this, we define X → ψUψL where ψU/L dentoes the
fermionic strings that are compactified on upper and lower parts of a circle. Also, we use < XG=13 >= R
l
3/2
p
TG and
< XG
′=13 >= R
l
3/2
p
TG
′
for bosons and < ψL,G=13 >= TL,G R
1/2
l
3/4
p
, < ψU,G=13 >= TU,G R
1/2
l
3/4
p
and < XG=13 >= R
1/2
l
3/2
p
TG
for fermions and also γM = TL,GTM , TM = TL,GTU,G to obtain the same cofficients for both types of fields. We
have:
SG0 = −TG0
∫
dtTr(Σ13M,N,L,M ′,N ′,K′=0〈[XM , XN , XK , XM
′
, XN
′
, XK
′
], [XM , XN , XK , XM
′
, XN
′
, XL
′
]〉)) =
7−TG0
∫
dtTr(Σ13M,N,L,E,F,G,M ′,N ′,K′,E′,F ′,G′=0εM,N,L,M ′,N ′,K′,Dε
D
E,F,G,E′,F ′,G′ ×
XMXNXKXM
′
XN
′
XK
′
XEXFXGXE
′
XF
′
XG
′
=
−6TG0
∫
dtTr(Σ12M,N,K,E,F,G,M ′,N ′,L′,E′,F ′,G′=0εM,N,K,E,F,13,Dε
D
M ′,N ′,K′,E′,F ′,13 ×
XMXNXKXEXFX13XE
′
XF
′
XM
′
XN
′
XK
′
X13 −
6TG0
∫
dtΣ12M,N,L,E,F,G,M ′,N ′,K′,E′,F ′,G′=0,6=13εM,N,K,M ′,N ′,L′,Dε
D
E,F,G,E′,F ′,G′ ×
XMXNXKXM
′
XN
′
XK
′
XEXFXGXE
′
XF
′
XG
′
=
−3TG0
∫
dtTr(Σ12M,N,K,E,F,G,M ′,N ′,K′,E′,F ′,G′=0εM,N,K,E,F,13,Dε
D
M ′,N ′,K′,E′,F ′,13 ×
XMXNXKXEXFψU,13ψL,13XE
′
XF
′
XM
′
XN
′
XK
′
ψU,13ψL,13
−3TG0
∫
dtTr(Σ12M,N,K,E,F,G,M ′,N ′,K′,E′,F ′,G′=0εM,N,K,E,F,13,DεM ′,N ′,K′,E′,F ′,13D ×
XMXNXKXEXFX13XE
′
XF
′
XM
′
XN
′
XK
′
X13 −
6TG0
∫
dtΣ12M,N,K,E,F,G,M ′,N ′,K′,E′,F ′,G′=0,6=12εM,N,K,E,F,G,Dε
D
M ′,N ′,K′,E′,F ′,G′ ×
XMXNXKXM
′
XN
′
XK
′
XEXFXGXE
′
XF
′
XG
′
=
−3TG0(
R2p
l3p
)
∫
dtTr(Σ12M,N,K,E,F,G,M ′,N ′,K′,E′,F ′,G′=0εM,N,K,E,F,13,Dε
D
M ′,N ′,K′,E′,F ′,13 ×
γMXNXKXEXFψU,13XE
′
XF
′
XM
′
XN
′
XK
′
ψU,13 −
3TG0(
R2
l3p
)
∫
dtTr(Σ12M,N,L,E,F,G,M ′,N ′,K′,E′,F ′,G′=0εM,N,K,E,F,13,Dε
D
M ′,N ′,K′,E′,F ′,13 ×
XMXNXKXEXFXE
′
XF
′
XM
′
XN
′
XK
′ −
6TG0
∫
dtΣ11M,N,K,E,F,G,M ′,N ′,K′,E′,F ′,G′=0,6=12εM,N,K,E,F,G,Dε
D
M ′,N ′,K′,E′,F ′,G′ ×
XMXNXKXM
′
XN
′
XK
′
XEXFXGXE
′
XF
′
XG
′
=
−3TG0(R
2
l3p
)
∫
dtTr(Σ12M,N,K,E=0〈[γM , XN , XK , XE , XF , ψU,13], [XM , XN , XK , XE , XF , ψU,13]〉)
−3TG0(R
2
l3p
)
∫
dtTr(Σ12M,N,K,E=0〈[XM , XN , XK , XE , XF ], [XM , XN , XK , XE , XF ]〉)−
6TG0
∫
dtΣ11M,N,K,E,F,G,M ′,N ′,K′,E′,F ′,G′=0,6=12εM,N,K,E,F,G,Dε
D
M ′,N ′,K′,E′,F ′,G′ ×
XMXNXKXM
′
XN
′
XK
′
XEXFXGXE
′
XF
′
XG
′
=
SComp−FermiG0 + S
Comp−Bosonic
G0 − 6TG0
∫
dtΣ11M,N,K,E,F,G,M ′,N ′,K′,E′,F ′,G′=0,6=12εM,N,K,E,F,G,Dε
D
M ′,N ′,K′,E′,F ′,G′ ×
XMXNXKXM
′
XN
′
XK
′
XEXFXGXE
′
XF
′
XG
′
=
SComp−FermiG0 + S
Comp−Bosonic
G0 + VExtra,1 (15)
It is clear that by compacting strings in two different ways (symmetrically and anti-symmetrically), two different
actions are emerged and two different fields are produced. Also, the cofficients of two actions are the same and N=13
supersymmetry is created. In this type of supersymmetry, we have 13 bosons and 13 fermions which are originated
from two different types of compacting 14 initial bosons.
III. THE REDUCTION OF G-THEORY TO M-THEORY
In this section, we show that by compacting G-theory on three circles and via two different ways (symmetrically
and anti-symmetrically), supersymmetry is produced which contains the same number of degrees of freedom for both
fermions and bosons. To obtain supersymmetry in eleven dimensions, we should use of the mechanism in previous
8section three times and compactify G-branes on three other cirles. To do this, we use < XG=13 >= R
l
3/2
p
TG=13,
< XF=12 >= R
l
3/2
p
TF=12, < XE=11 >= R
l
3/2
p
TE=11 for bosons and < ψL,G=13 >= R
1/2
l
3/4
p
TL,G=13, < ψL,F=12 >=
R1/2
l
3/4
p
TL,F=12, < ψL,E=11 >= R
1/2
l
3/4
p
TL,E=11 and < XG=13 >= R
l
3/2
p
TG=13, < XF=12 >= R
l
3/2
p
TF=12, < XE=11 >=
R
l
3/2
p
TE=11 for fermions in action (15) to obtain the same cofficients for both types of fields:
SM0 = −3TG0(R
12
l27p
)
∫
dtTr(Σ10M,N,L,E=0〈[γM , γN , γL, ψU,11, ψU,12, ψU,13], [XM , XN , XL, ψU,11, ψU,12, ψU,13]〉)
−3TG0(R
12
l27p
)
∫
dtTr(Σ10M,N,L,E=0〈[XM , XN , XL], [XM , XN , XL]〉)−
6TG0
∫
dtΣ10M,N,K,E,F,G,M ′,N ′,K′,E′,F ′,G′=0,6=11,12,13εM,N,K,E,F,G,Dε
D
M ′,N ′,K′,E′,F ′,G′ ×
XMXNXKXM
′
XN
′
XK
′
XEXFXGXE
′
XF
′
XG
′
=
SFermiM0 + S
Bosonic
M0 −
6TG0
∫
dtΣ10M,N,K,E,F,G,M ′,N ′,K′,E′,F ′,G′=0, 6=11,12,13εM,N,K,E,F,G,Dε
D
M ′,N ′,K′,E′,F ′,G′ ×
XMXNXKXM
′
XN
′
XK
′
XEXFXGXE
′
XF
′
XG
′
=
SFermiM0 + S
Bosonic
M0 + VExtra,1 (16)
where we have used of this fact that TM0 = 3TG0(
R12
l27p
). This equation shows that by compacting G-model on three
circles, the N=8 supersymmetric M-theory is emerged which includes the equal number of bosons and fermions. Now,
we can show that by joining branes, superpartners are created and Dirac equation can be obtained. To this end, we
use of following laws [15–18]:
〈[Xi, Xb, Xi], [Xi, Xb, Xi]〉 = 1
2
εabcεabdΣi(X
i)2(∂aX
i
α)(∂aX
i
β)〈(Tα, T β〉 =
1
2
Σi(X
i)2〈∂aXi, ∂aXi〉
〈[Xa, Xb, Xc], [Xa, Xb, Xc]〉 = (F abcαβγ)(F abcαβη)〈[Tα, T β , T γ ], [Tα, T β , T η]〉) =
(F abcαβγ)(F
abc
αβη)f
αβγ
σ h
σκfαβηκ 〈T γ , T η〉 = (F abcαβγ)(F abcαβη)δκσ〈T γ , T η〉 = 〈F abc, F abc〉
〈[γa, γb, γc, ψU,11, ψU,12, ψU,13], [Xa, Xb, Xc, ψU,11, ψU,12, ψU,13]〉 =
1
6
((ψ†U,11ψ†U,12ψ†U,13)γaγbγc∂[a∂b∂c](ψU,11ψU,12ψU,13)
〈[γa, γb, γc, ψU,11, ψU,12, ψU,13], [Xi, Xi, Xc′ , ψU,11, ψU,12, ψU,13]〉 =
1
2
Σi(X
i)2(ψ†U,11ψ†U,12ψ†U,13)γaγbγc∂c′(ψU,11ψU,12ψU,13) =
1
2
Σi(X
i)2(ψ†U,11ψ†U,12ψ†U,13)iγ˜c
′
∂c′(ψ
U,11ψU,12ψU,13)
iγ˜c
′
= iγ˜abc = γaγbγc
Σm → 1
(2pi)p
∫
dp+1σΣm−p−1i, j = p+ 1, .., 10 a, b = 0, 1, ...p m, n = 0, .., 10 (17)
where
Fabc = ∂aAbc − ∂bAca + ∂cAab (18)
and Aab is 2-form gauge field. Replacing commutation relations by derivatives and fields of equations (17) in action
(16), we can obtain the relevant action for Mp-brane
9SMp = Σ
p
a=0(S
Fermi
M0 + S
Bosonic
M0 ) =
−Σpa=0TM0
∫
dtTr(Σ10m=0〈[Xa, Xb, Xc], [Xa, Xb, Xc]〉+
〈[γM , γN , γL, ψU,11, ψU,12, ψU,13], [XM , XN , XL, ψU,11, ψU,12, ψU,13]〉) =
−TMp
∫
dp+1σTr(Σpa,b,c=0Σ
10
i,j,k=p+1{
1
2
Σi(X
i)2〈∂aXi, ∂aXi〉+ 1
6
〈Fabc, Fabc〉+
1
2
Σi(X
i)2(ψ†U,11ψ†U,12ψ†U,13)iγ˜c
′
∂c′(ψ
U,11ψU,12ψU,13) +
1
6
((ψ†U,11ψ†U,12ψ†U,13)γaγbγc∂[a∂b∂c](ψU,11ψU,12ψU,13)}) (19)
Until now, we have choosen three spacial dimensions (for exmaple, i= 11,12 and 13) and did compactification in that
directions. However, we can remove this limitation and assume that compactifications may occur in different directions
(i=p+1,...13) which are perpendicular to branes. By replacing ψU,11ψU,12ψU,13 → Ψi and choosing Σi(Xi)2 → 1, we
can obtain following action:
SMp = Σ
p
a=0(S
Fermi
M0 + S
Bosonic
M0 ) =
−Σpa=0TM0
∫
dtTr(Σ10m=0〈[Xa, Xb, Xc], [Xa, Xb, Xc]〉+
〈[γM , γN , γL, ψU,11, ψU,12, ψU,13], [XM , XN , XL, ψU,11, ψU,12, ψU,13]〉) =
−TMp
∫
dp+1σTr(Σpa,b,c=0Σ
10
i,j,k=p+1{
1
2
〈∂aXi, ∂aXi〉+ 1
6
〈Fabc, Fabc〉+
1
2
(Ψ†U,i)iγ˜c
′
∂c′(Ψ
U,i) +
1
6
Ψ†U,iiγ˜abcκi∂[aχUbc]}) (20)
where we have defined:
∂[aχ
U
bc] = ∂aχ
U
bc − ∂bχUca + ∂cχUab
χUab = κi∂[a∂b](ψ
U,iψU,iψU,i)
κiκi = 1 (21)
This action is a generalization of following action with substituting β2 = 1 and βn = 0.
SMp =
∫
dp+1x
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
.
(L)anbn = δ
bn
anTr(Σ
p
a,b,c=0Σ
10
i,j,k=p+1{
1
2
〈∂aXi, ∂aXi〉+ 1
6
〈Fabc, Fabc〉+
1
2
(Ψ†U,i)iγ˜c
′
∂c′(Ψ
U,i) +
1
6
Ψ†U,iiγ˜abcκi∂[aχUbc]}) (22)
This action is in very good agreement with usual action for Mp-branes[15–19]. In additional, first and third terms
and also second and four terms are the same which means that there are very good connections between fermions
and bosons in this system. In fact, each scalar string Xi has a superpartner Ψ†U,i and each two form bosonic vector
Aab has a fermionic superpartner χ
U
ab. Thus, numbers of degrees of freedom of bosons are equal to fermions and
supersymmetry emerges. For example, for M2-brane, indices of scalars and fermions change from 1 to 8 and we will
have N=8 supersymmetry as it is predicted by recent papers in [15–19]. The evolutions of both groups of fermions and
bosons have the main role in the emergence of inequality between the number of degrees of freedom on the universe
surface and in the bulk and according to the Padmanabhan idea, this inequality leads to expansion of universe.
10
IV. EMERGENCE OF DEGREES OF FREEDOM AND APPLICATION OF PADMANABHAN
MECHANISM IN G-THEORY
In this section, we show that all dimensions and degrees of freedom can be produced directly from the potential
of scalar strings in G-theory. We assume that at the beginning, two scalar and anti-scalar strings are produced from
nothing such as the energy of the scalar string has positive sign like the sign of repulsive potential and the energy of
the anti-scalar string has the negative sign like the sign of attractive potential. We have:
E ≡ 0 ≡ E1 + E2 ≡ Nsur +Nbulk ≡ k(X14)2 − k(X14)2 (23)
where X14 = X14β T
β . These strings are placed on 14th dimension, however they are excited and produce some
degrees of freedom in other 13 dimensions of G-theory. To show this, we rewrite above equations as the follows:
E ≡ 0 ≡ k
∫
d2pxεi1i2...ip14εi1i2...ip14(
∂
∂xi1
∂
∂xi2
..
∂
∂xip
)2(X14)2 −
k
∫
d2pxεi1i2...ip14εi1i2...ip14(
∂
∂xi1
∂
∂xi2
..
∂
∂xip
)2(X14)2 (24)
where we have used of this fact that εi1i2...ipεi1i2...ip = 1 and p=13 for 14 dimensional brane in G-model. These
new energies are related to new objects in G-theory which are produced by exciting strings. We can show that these
are actions of Gp-branes by using following relations between derivatives and brackets [15–19, 25–29]:
∂
∂xi1
X14 = [Xi1 , X14]
∂
∂xi1
∂
∂xi2
X14 = [Xi1 , Xi2 , X14]
(
∂
∂xi1
∂
∂xi2
..
∂
∂xip
)(X14) = [Xi1 , Xi2 , ..., Xip , X14]
εi1i2...ip14εi1i2...ip14(
∂
∂xi1
∂
∂xi2
..
∂
∂xip
)2(X14)2 =
εi1i2...ip14εi
′
1i
′
2...i
′
p14[(
∂
∂xi1
∂
∂xi2
..
∂
∂xip
)(X14)][(
∂
∂xi′1
∂
∂xi′2
..
∂
∂xi′p
)(X14)] =
〈[Xi1 , Xi2 , ..., Xip , X14], [Xi1 , Xi2 , ..., Xip , X14]〉 (25)
where Xin = X
β
in
Tβ . Using the relations in equation (25) in equation (24), we obtain:
E ≡ 0 ≡ E1 + E2 ≡
k
∫
d2px〈[Xi1 , Xi2 , ..., Xip , X14], [Xi1 , Xi2 , ..., Xip , X14]〉 −
k
∫
d2px〈[Xi1 , Xi2 , ..., Xip , X14], [Xi1 , Xi2 , ..., Xip , X14]〉 (26)
This equation shows that excitations of each scalar string in dimension 14 produce various degrees of freedom
and new motions of the string and the emergence of other 13 dimensions. These new actions are similar to actions
of zero dimensional branes in fourteen dimensions. We can name these new objects as G0-branes. Until now, all
dimensions are the same and there isn’t any difference between time and space. Now, by compacting dimensions, we
break the symmetry and produce the real space time. To achieve this, we apply the mechanism in [18] and define
Xin=1,3,5,7,9,11,13,14 =
R
l
3/2
p
where lp is the Planck length. We get:
E1 ≡ k
∫
d2px〈[Xi1 , Xi2 , ..., Xip , X14], [Xi1 , Xi2 , ..., Xip , X14]〉 =
k
∫
d2pxεi1i2...ip14εi
′
1i
′
2...i
′
p14Xi1Xi2 ...XipX14Xi′1Xi′2 ...Xi′pX14 =
11
k
∫
d2pxε1i2...1314ε1i
′
2...1314Xi2 ...XiP−1X14Xi′2 ...XiP−1X14 =
−k( R
p+1
l
3(p+1)/2
p+1
)
∫
dpxεj1...j(p−1)/2εj
′
1...j
′
(p−1)/2Xj1 ...Xj(p−1)/2Xj′1 ...Xj′(p−1)/2 =
−k( R
p+1
l
3(p+1)/2
p+1
)
∫
dpx〈[Xj1 , Xj2 , ..., Xj(p−1)/2 ], [Xj1 , Xj2 , ..., Xj(p−1)/2 ]〉 =
k(
Rp+1
l
3(p+1)/2
p+1
)
∫
dpx〈[iXj1 , Xj2 , ..., Xj(p−1)/2 ], [iXj1 , Xj2 , ..., Xj(p−1)/2 ]〉 =
k(
Rp+1
l
3(p+1)/2
p+1
)
∫
dpx〈[it,Xj2 , ..., Xj(p−1)/2 ], [it,Xj2 , ..., Xj(p−1)/2 ]〉 (27)
where we have used ε1i2...1314ε1i
′
2...1314 = −εj1...j(p−1)/2εj′1...j′(p−1)/2 , Xj1 = t and i2 = −1. We can regard the probability
for changing the place of strings (Xa) in this action and rewrite it as follows:
E1 ≡ TG0
∫
dpxΣ13a,b,c,d,e,f=0〈[Xa, Xb, Xc, Xd, Xe, Xf ], [Xa, Xb, Xc, Xd, Xe, Xf ]〉 (28)
where we have used TG0 = k(
Rp+1
l
3(p+1)/2
p+1
) and X0 = it1. This equation shows that by compacting some dimensions,
the symmetry is broken and one of dimensions can act different from other dimensions which we name it as time.
Also, the Lie-6-algebra can be obtained exactly by breaking the symmetry and coincidence with the birth of time for
p=13. For another brane, we obtain:
E2 ≡ −k
∫
d2px〈[Xi1 , Xi2 , ..., Xip , X14], [Xi1 , Xi2 , ..., Xip , X14]〉 =
−k
∫
d2pxεi1i2...ip14εi
′
1i
′
2...i
′
p14Xi1Xi2 ...XipX14Xi′1Xi′2 ...Xi′pX14 =
−k
∫
d2pxε1i2...1314ε1i
′
2...1314Xi2 ...XiP−1X14Xi′2 ...XiP−1X14 =
k(
Rp+1
l
3(p+1)/2
p+1
)
∫
dpxεj1...j(p−1)/2εj
′
1...j
′
(p−1)/2Xj1 ...Xj(p−1)/2Xj′1 ...Xj′(p−1)/2 =
k(
Rp+1
l
3(p+1)/2
p+1
)
∫
dpx〈[Xj1 , Xj2 , ..., Xj(p−1)/2 ], [Xj1 , Xj2 , ..., Xj(p−1)/2 ]〉 =
k(
Rp+1
l
3(p+1)/2
p+1
)
∫
dpx〈[iXj1 , iXj2 , ..., Xj(p−1)/2 ], [iXj1 , iXj2 , ..., Xj(p−1)/2 ]〉 =
k(
Rp+1
l
3(p+1)/2
p+1
)
∫
dpx〈[it1, it2, ..., Xj(p−1)/2 ], [it1, it2, ..., Xj(p−1)/2 ]〉 (29)
where we have assumed iXj1 = it1, iXj2 = it2. After regarding the probability for changing the place of strings in
this action, we can rewrite it as follows:
E2 ≡ TG0
∫
dpxΣ13
a˜,b˜,c˜,d˜,e˜,f˜=0
〈[Xa˜, Xb˜, Xc˜, Xd˜, Xe˜, Xf˜ ], [Xa˜, Xb˜, Xc˜, Xd˜, Xe˜, Xf˜ ]〉 (30)
where we have used TG0 = k(
Rp+1
l
3(p+1)/2
p+1
) and X0 = it1, X
1 = it2. It is clear from above energy that by breaking the
symmetry for second brane, two different times are created. In fact, the excitation of an initial string with negative
energy causes to production at least two times in action of second G0-brane which makes it’s properties different from
first G0-brane. This may lead to production of two universes with two physical properties.
Now, we can use of the method in previous sections and compactify G0-branes on three circles and obtain the
energy of Mp-branes, anti-Mp-branes and extra energy. Also, number of degrees of freedom on the universe depends
12
on the energy of Mp-brane and number of degrees of freedom in the bulk is related to the energy of anti-Mp-brane
and extra energy. Using (7), (14), (16) and (22), we obtain:
Nsur ≈ EMp = TMp
∫
dp+1x
(
Tr(Σpa,b,c=0Σ
10
i,j,k=p+1{
1
2
〈∂aXi, ∂aXi〉+ 1
6
〈Fabc, Fabc〉+
1
2
(Ψ†U,i)iγ˜c
′
∂c′(Ψ
U,i) +
1
6
Ψ†U,iiγ˜abcκi∂[aχUbc]})
)1/2
. (31)
Nbulk ≈ Eanti−Mp + Eextra
Eanti−Mp = TMp
∫
dp+1x
(
Tr(Σp
a˜,b˜,c˜=0
Σ10i,j,k=p+1{
1
2
〈∂a˜Xi, ∂a˜Xi〉+ 1
6
〈Fa˜b˜c˜, Fa˜b˜c˜〉+
1
2
(Ψ†U,i)iγ˜ c˜
′
∂c˜′(Ψ
U,i) +
1
6
Ψ†U,iiγ˜a˜b˜c˜κi∂[a˜χUb˜c˜]})
)1/2
.
Eextra ≈ 6TG0
∫
dp+1x
(
Tr(Σpa,b=0Σ
10
j=p+1
(
{1
2
〈∂b∂c∂d∂e∂fXi, ∂b∂c∂d∂e∂fXi〉+ 1
2
∑
j
(Xj)2〈∂c∂d∂e∂fXi, ∂c∂d∂e∂fXi〉+
1
2
∑
j
(Xj)4〈∂d∂e∂fXi, ∂d∂e∂fXi〉+ 1
2
∑
j
(Xj)6〈∂e∂fXi, ∂e∂fXi〉+ 1
2
∑
j
(Xj)8〈∂fXi, ∂fXi〉+
1
720
〈F abca′b′c′ , F abca′b′c′〉+ 1
120
∑
j
(Xj)2〈F abca′b′ , F abca′b′〉+ 1
24
∑
j
(Xj)4〈F abca′ , F abca′〉+
1
6
∑
j
(Xj)6〈F abc, F abc〉+ 1
2
∑
j
(Xj)8〈F ab, F ab〉 − 1
720
〈[Xi, Xj , Xk, Xi′ , Xj′ , Xk′ ], [Xi, Xj , Xk, Xi′ , Xj′ , Xk′ ]〉})
)1/2
(32)
These equation shows that numbers of degrees of freedom on the brane and in the bulk depend on evolutions of
scalar, fermions and gauge strings in G-theory. In fact, the interaction of branes causes to evolutions of these fields
and change in number of degrees of freedom. For simplicity, we assume Xi ≈ l1, Ψi ≈ l3/21 and Aµν ≈ l2 which l1 and
l2 are the separation distance between two branes and the length of branes respectively and only depend on time.
Using equations (31) and (32), we obtain total energy of system in M-theory:
Etot,M−theory = EMp + Eanti−Mp + Eextra =
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We can obtain the wave equation for the above energy:
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The approximate solutions of above equations are:
l1 ≈ e−
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where ts is time of collision of two branes. It is clear that by passing time, the length of branes (l2) increases and
the separation distance between branes (l1) decreases and shrinks to zero at colliding time (t = ts). This is because
that at t = 0, there is nothing. Then, two strings with negative and positive energies are produced. These objects
interact with each other, excited and produce extra degrees of freedom in another dimensions. Coincidence with the
emergence of degrees of freedom, Gp-branes are produced which are reduced to Mp-branes by compactification and
some extra energies are created. By dissolving extra energy in Mp-branes, the length of these branes grows and tends
to infinity at the point of colliding of branes. Now, by substituting equation (36) in equation (31) we can calculate
number of degrees of freedom on the surface:
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This equation shows that the energy of brane and number of degrees of freedom is zero at t = 0, grows by time and
tends to infinity at time of collision of branes (t = ts). In fact, it is possible that two types of branes with different
physics, one with a time coordinate and another one with two time coordinates are produced from nothing in fourteen
dimensions such as the sum over energy of them be zero and then these objects are compactified on three circle and
Mp-branes are created. After that, universe is born on one of these branes and expands. To show this, we put p=3
and use of following equations:
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where H is the Hubble Parameter, a is the scale factor of universe and rH is the event horizon of universe. This
equation shows that coincidence with the birth of Mp-branes from compactifying Gp-branes, universe is produced,
grows and achieve to the present size. In fact, the scale factor of universe depends on the parameters of G-model and
M-theory and evolves from nothing to expansion phase in four stages: In first stage, two one dimensional objects like
two strings are created in 14th dimension. Second, these strings are excited in other 13 dimensions and construct
Gp-branes that their dimensions can change from zero to fourteen. Third, these Gp-branes are compactified on three
circles and Mp-branes are created. Fourth, universe is born on one of Mp-branes and expands as due to inequality
between number of degrees of freedom on the universe surface and in the bulk in Padmanabhan model.
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V. TESTING THE MODEL WITH OBSERVATIONS
Recent experiments [32] predict that the magnitude of the slow-roll parameters and the tensor-to-scalar ratio
should be very smaller than one. In this section, we will show that G-theory gives the correct values for cosmological
parameters during inflation era. Using definitions of [35] and equation (38), we can obtain the slow-roll parameters
and the tensor-to-scalar ratio and compare with previous predictions:
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80t−4/3(t−2/3 − t−2/3s ) +
1440
3
t−4/3(t−2/3 − t−2/3s )]
)
×(
e
− 2TMpV t
3TG0V
′(ts−t) [(t−2/3 − t−2/3s )6 + 6(t−2/3 − t−2/3s )4 +
120(t−2/3 − t−2/3s )2 + 720(t−2/3 − t−2/3s )]
)−3
]−2 (39)
It is clear that during inflation era, the age of universe (t) is very smaller respect to time of collision between
branes (ts) and consequently, ((ts − t)−m  1) which m is an integer number. Using equation (40), we can obtain
the following results:
0 t ts ⇒ η ≈ ΣBnt−n(ts − t)−n  1
ε ≈ ΣAmt−m(ts − t)−m  1⇒ r  1 (40)
These results show that the magnitude of the slow-roll parameters and the tensor-to-scalar ratio are very smaller
than one which is in agreement with predictions of experiments in ref.[32–34]. Thus, G-theory produces the correct
values for cosmological parameters and can explain the phenomenological events.
VI. EXTENDED THEORIES OF GRAVITY WITHOUT ANOMALY IN G-THEORY
Previously, some effective Dark energy models have been proposed that were in very good agreement with obser-
vations [36, 37]. In this section, we consider the origin of these models in G-theory and show that they may be
anomaly-free. To this end, we will begin with eleven dimensional manifold in Horava-Witten mechanism and add one
three dimensional manifold related to Lie-three-algebra. We will assert that some CGG terms are produced on this
new 14-dimensional manifold that cancel the anomalies in eleven-dimensional supergravity and produce the extended
theories of gravity.
First, we introduce the Horava-Witten mechanism in eleven dimensional space-time. In this model, the bosonic
part of the action in 11-dimensional supergravity is given by [38, 39]:
SBosonic−SUGRA =
1
κ¯2
∫
d11x
√
g
(
− 1
2
R− 1
48
GIJKLG
IJKL
)
+ SCKK
SCGG = −
√
2
3456κ¯2
∫
M11
d11xεI1I2...I11CI1I2I3GI4...I7GI8...I11 (41)
where, GIJKL and CI1I2I3 have a direct relation with the gauge field A, field strength F and the curvature (R) [39]:
GIJKL = − 3√
2
κ2
λ2
ε(x11)(FIJFKL −RIJRKL) + ...
δCABC = − κ
2
6
√
2λ2
δ(x11)tr(FAB − RAB)
G11ABC = ∂11CABC + ....
F IJ = ∂IA
J − ∂JAI = IJ∂IAJ
RIJ = ∂IΓ
β
Jβ − ∂JΓβIβ + ΓαJβΓβIα − ΓαIβΓβJα
ΓIJK = ∂IgJK + ∂KgIJ − ∂JgIK (42)
Here, ε(x11) is 1 for x11 > 0 and 1 for x11 < 0 and also δ(x11) = ∂ε∂x11 . The gauge variation of the CGG-action,
yields the following equation [39]:
δSCGG|11 = −
√
2
3456κ¯2
∫
M11
d11xεI1I2...I11δCI1I2I3GI4...I7GI8...I11 ≈
− κ¯
4
128λ6
∫
M10
Σ5n=1(trF
n − trRn + trFnR5−n) (43)
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Above terms cancel the anomaly of (SBosonic−SUGRA) in eleven dimensional manifold [39]:
δSCGG|11 = −δSBosonic−SUGRA = −SanomalyBosonic−SUGRA (44)
Thus, to obtain the anomaly-free supergravity in eleven dimensions, we have to use of CGG terms. Now, we answer
this issue that what is the origin of CGG terms in 11-dimensional supergravity. In fact, we propose a theory that
CGG terms are appeared in the action of supergravity without adding any by hand. To this end, we choose a unified
shape for all fields by using Nambu-Poisson brackets and properties of string fields (X). We define [17, 40]:
XIi = yIi +AIi + Iiφ− IiJΓααJ
{XIi , XIj} = ΣIi,Ij IiIj
∂XIi
∂yIj
∂XIj
∂yIj
=
ΣIi,Ij 
IiIj
(
∂IiA
Ij − ∂Ii(IjIkΓααIk)
)
= F IiIj −RIiIj + ∂Ijφ∂Ikφ.. (45)
where φ is the scalar field, A is the gauge field and Γ has the relation with the curvature (R). Using four-dimensional
brackets instead of two-dimensional one, we can obtain the shape of GG-terms in supergravity in terms of scalar strings
(X):
GIJKL = {XI , XJ , XK , XL} = ΣIJKLIJKL ∂X
I
∂yI
∂XJ
∂yJ
∂XK
∂yK
∂XL
∂yL
⇒
∫
d11x
√
g
(
GIJKLG
IJKL
)
=∫
d11x
√
g
(
ΣIJKL
IJKL ∂X
I
∂yI
∂XJ
∂yJ
∂XK
∂yK
∂XL
∂yL
ΣIJKL
IJKL ∂X
I
∂yI
∂XJ
∂yJ
∂XK
∂yK
∂XL
∂yL
)
(46)
Above equation help us to extract the CGG terms from GG-terms in supergravity. To this end, we will add a three
dimensional manifold related to Lie-three-algebra to the eleven dimensional supergravity by using the properties of
scalar strings (X) in Nambu-Poisson brackets [40]:
XIi = yIi +AIi + Iiφ− IiJΓααJ ⇒
∂XI5
∂yI5
≈ δ(yI5) + .. ∂X
I6
∂yI6
≈ δ(yI6) + .. ∂X
I7
∂yI7
≈ δ(yI7) + ...
∫
MN=3
→
∫
yI5+yI6+yI7
∂XI5
∂yI5
∂XI6
∂yI6
∂XI7
∂yI7
= 1 + .. (47)
By adding three dimensional manifold of equation (47) to the eleven dimensional manifold of equation (46), we get:
∫
MN=3
×
∫
M11
√
g
(
GI1I2I3I4G
I1I2I3I4
)
=∫
M11+yI5+yI6+yI7
√
gI4I5I4I6I5I7I6I7GI1I2I3I4GI1I2I3I4
∂XI5
∂yI5
∂XI5
∂yI6
∂XI7
∂yI7
=∫
M11+MN=3
√
gCGG
⇒ CI5I6I7 = ΣI5I6I7I5I6I7
∂XI5
∂yI5
∂XI5
∂yI6
∂XI7
∂yI7
(48)
This equation has three interesting results : 1. CGG terms may be appeared in the action of supergravity by adding a
three dimensional manifold, related to Lie-three-algebra to eleven dimensinal supergravity. 2. 11-dimensional manifol
+ three-Lie-algebra=14-dimensional supergravity. 3. The shape of C-terms is now clear in terms of string fields (Xi).
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To examine the correctness of theory we should re-obtain the gauge variation of the CGG-action in equation (43) in
terms of fields strenths and curvatures . To this end, using equation (47 and 48), we can calculate the gauge variation
of C [40]:
XI = yI +AI ⇒ ∂δAX
I
∂yI
= δ(yI)
⇒
∫
MN=3+M11
δACI5I6I7 =
∫
MN=3+M11
ΣI5I6I7
I5I6I7δA(
∂XI5
∂yI5
∂XI5
∂yI6
∂XI7
∂yI7
) =∫
MN=3+M10
ΣI5I6
I5I6(
∂XI5
∂yI5
∂XI6
∂yI6
) =∫
MN=3+M10
(F I5I6 −RI5I6 + ∂I5φ∂I6φ) (49)
Using above equation and equation (46) we can calculate the gauge variation of the CGG action in equation of (48):
δ
∫
M11+MN=3
√
gCGG =
δ
∫
M11+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7I5I6I7(
∂XI5
∂yI5
∂XI6
∂yI6
∂XI7
∂yI7
)GI1I2I3I4GI′1I′2I′3I′4 =
δ
∫
M11+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7I5I6I7(
∂XI5
∂yI5
∂XI6
∂yI6
∂XI7
∂yI7
)×
(I1I2I3I4
∂XI1
∂yI1
∂XI2
∂yI2
∂XI3
∂yI3
∂XI4
∂yI4
)(I
′
1I
′
2I
′
3I
′
4
∂XI
′
1
∂yI
′
1
∂XI
′
2
∂yI
′
2
∂XI
′
3
∂yI
′
3
∂XI
′
4
∂yI
′
4
) =∫
M10+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7I5I6(
∂XI5
∂yI5
∂XI6
∂yI6
)×
(I1I2I3I4
∂XI1
∂yI1
∂XI2
∂yI2
∂XI3
∂yI3
∂XI4
∂yI4
)(I
′
1I
′
2I
′
3I
′
4
∂XI
′
1
∂yI
′
1
∂XI
′
2
∂yI
′
2
∂XI
′
3
∂yI
′
3
∂XI
′
4
∂yI
′
4
) =∫
M10+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7(I4I5
∂XI4
∂yI4
∂XI5
∂yI5
)(I
′
4I6
∂XI
′
4
∂yI4
∂XI6
∂yI6
)×
(I1I2
∂XI1
∂yI1
∂XI2
∂yI2
)(I
′
1I
′
2
∂XI
′
1
∂yI
′
1
∂XI
′
2
∂yI
′
2
)(I3I
′
3
∂XI3
∂yI3
∂XI
′
3
∂yI
′
3
) =∫
M10+MN=3
√
gΣ5n=1
(
trFn − trRn + trFnR5−n
)
+
δ
∫
M10+MN=3
√
gΣ5m=1Σ
5
n=1
(
(∂φ)2mtrR5−2m + (∂φ)2mtrFnR5−n−2m − 1
2
∂µφ∂
µφ
)
+ .. (50)
In above equation, the first part of results cancel the anomaly in equation (43), however the second part produces
the action in extended theories of gravity. In fact, we can rewrite the second part of above results in following form:
S =
∫
M11+MN=3
√
g
(
F (R,φ)− 1
2
∂µφ∂
µφ
)
+ ..
F (R,φ) = Σ5m=1Σ
5
n=1
(
(∂φ)2mtrR5−2m + (∂φ)2mtrFnR5−n−2m
)
(51)
This is a version of the action in extended theories of gravity [36, 37] which is obtained from G-theory. Thus, G-
theory not only help us to remove anomalies in ten and eleven -dimensional supergravity but also yields the predicted
forms of the action in Dark energy models.
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VII. SUMMARY AND CONCLUSION
In this research, we have investigated the origin of Padmanabhan mechanism in G-theory which is more complete
respect to M-theory and reduces to it in some limitations. Until now, M-theory was known as the mother of different
types of string theory. This theory is an extended version of superstring theory in eleven dimensions that by compact-
ification can be reduced to type IIA and E8×E8 heterotic string theory. Then these theories can be transited to other
string theories by various string dualities. M-theory has some limitations e.q., some needed objects like M3-branes
which our universe may be placed on it, are unstable. Also, the reason for emergence only M2 and M5 branes and
the supersymmetry is not clear. For this reason, we have to construct one bigger theory which contains more stable
objects without limitation of M-theory. We introduce G-theory as a new model which other theories like M-theory
and superstring theory are originated from it. In this model, first, two types of scalar strings, one with positive en-
ergy and one with negative energy are produced and construct new object, named G0-branes in fourteen dimensions.
Then, by compacting these branes on three circles via two different ways (symmetrically and anti-symmetrically), two
bosonic and fermionic parts of action for M0-branes are created and G-theory transits to M-theory. Finally, these
M0-branes link to each other and produce supersymmetric Mp-branes which contain the same number of degrees of
freedom for both fermions and bosons. Coincidence with the birth of Mp-branes, our universe is born on one of them
and interact with extra energy and another branes. Number of degrees of freedom on this universe depends on the
energy of Mp-brane and number of degrees of freedom in the bulk is related to the energy of other Mp-brane and
extra energy. This extra energy dissolves in our universe and leads to an increase in number of degrees of freedom on
it and expansion of universe. We obtained the magnitude of the slow-roll parameters and the tensor-to-scalar ratio
and found that they were very smaller than one which is in agreement with predictions of experiments. Finally, we
obtained the explicit form of the actions in extended theories of gravity in G-theory and showed that these results
are in agreement with results of [36, 37] .
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